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Background of the Invention

Field of the Invention

The present invention relates to a process for the preparation of a discoloralion-free. high-moleculai-
weight polycarbonate which comprises melt-polycondensing a carbonic diester containing specific impuri-
ties in reduced amounts with a dihydric phenol through transesterification. Particularly, the present invention
relates to a process for the preparation of a discoloration-free, high-molecular-weight polycarbonate which
comprises melt-polycondensing a carbonic diester containing specific impurities in reduced amounts with a
dihydnc phenol through transesterification in the presence of (a) a basic nitrogenous compound and/or (b)
an alkali metal compound and/or an alkaline earth metal compound as a catalyst(s).

Further, the present invention relates to a process for the preparation of a thermally stable polycar-
bonate. Particularly, the present invention relates to a process for the preparation of a thermally stable
polycarbonate by melt-polycondensing a carbonic diester containing specific impurities in reduced amounts
w,th a dihydnc phenol through transesterification in the presence of a boric salt as a catalyst and an acidic
substance which can neutralize the catalyst, or in the presence of a compound selected from the group
consisting of electron-donative amines and salts thereof as a catalyst and an acidic substance which can
neutralize the catalyst.

20 Description of the Related Art

Although a discoloration-free, high-molecular-weight polycarbonate is a general-purpose engineering
thermoplastic which is useful in various fields, particularly as injection molding material or sheet material
substituting lor w.ndow pane, the processes for the preparation thereof according to the prior art had

25 various problems.

The interfacial polycondensation process is generally effective in preparing a polycarbonate but has
disadvantages that the use of toxic phosgene is necessitated and that the formed polycarbonate is
contaminated with residual chloride ion.

In order to overcome these disadvantages, Japanese Patent Publication-A No. 182336/1988 discloses a
process for the preparation of a polycarbonate which comprises using liquid trichloromethyl chloroformate
wh.ch is a dimer of phosgene, instead of the toxic phosgene and polycondensing it with a special dihydric
phenol by the interfacial process.

However, this patent document does not give any specific information about the special dihydric phenol
with the exception of 9,9-bis(4-hydroxyphenyl)fluoienes. Further, although Angew. Chem 99 922(1987)
describes that a polycarbonate is prepared Irom 2,2-bis(4-hydroxyphenyl)propane by using~triphosgene
inslead of the toxic phosgene, a reaclion mechanism wherein phosgene is generated is also described
therein.

Further, it is proposed in Japanese Patent Publication-A No. 100824/1992 to use a diaryl carbonate
having a xanlhone content of 10 ppm or below. Although the use of such a carbonate can give a relatively

40 light-colored polycarbonate, it has a problem that the obtained polycarbonate somewhat yellows as
compared with that prepared by the phosgene process.

Furthermore, a process for the preparation of a polycarbonate using a catalyst comprising a combina-
tion of a nitrogenous basic compound with a boron compound is proposed, for example, in U.S Patent No
4.590.257 (date of patent: May 20. 1986. assignee: General Electric). Although this process can give a
relatively light-colored polycarbonate in spite of the poor activity of the catalyst on the polymerization, the
process has problems that it takes a long time to complete the polymerization because of the low activity of
the catalyst on the polymerization to result in low industrial productivity and that not only a side reaction is
liable to occur during the polymerization to lorm a branched structure but also the obtained polycarbonate
is poor in heat stability.
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Disclosure of the Invention

Summary of the Invention

The present inventors have extensively studied to solve the above problems and have found that a
coloration-l.ee, high-molecular-weight polycarbonate can be prepared without using the toxic phosgene by
melt-polycondensing a carbonic diester containing specific impurities in reduced amounts with a dihydric
phenol through transesterification in the presence of (a) a basic nitrogenous compound and/or (b) an alkali
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metal compound and/or an alkaline earth metal compound as'a catalyst(s).
Thus. Ihe first embodiment of the present invention relates to a process for the preparation of a

polycarbonate by melt-polycondensing a dihydric phenol with a carbonic diester, which comprises using a
carbon.c d.ester which is substantially free from (A) phenyl salicylate, o-phenoxybenzoic acid and phenyl o-

s phenoxybenzoate. (B) tin ion. i.e., a tin component. (C) methyl phenyl carbonate or (D) phenyl salicylate and
o-phenoxybenzoic acid.

In the present invention, the term "polycarbonate" means polycarbonate homopolymer. polycarbonate
copolymer and polyester carbonate.

The carbonic diester which is substantially free from (A) phenyl salicylate, o-phenoxybenzoic acid andw phenyl o-phenoxybenzoate contains 50 ppm or below of a sum of phenyl salicylate, o-phenoxybenzoic acid
and phenyl o-phenoxybenzoate. The carbonic diester which is substantially free from (B) tin ion contains 5ppm or below of t.n ion. The carbonic diester which is substantially free from (C) methyl phenyl carbonate
contains 50 ppm or below of methyl phenyl carbonate. The carbonic diester which is substantially free from
(D) phenyl salicylate and o-phenoxybenzoic acid contains 50 ppm or below of a sum of phenyl salicylate

75 and o-phenoxybenzoic acid.

In the first embodiment of the present invention, the preferable carbonic diester has, further a total
water content of 0.3% by weight or below, a hydrolyzable chlorine content, i.e.. a chlorine content in which
the chlorine may be obtained by hydrolysis, of 3 ppm or below, a sodium ion content, i.e.. a sodium
component content, of 1 ppm or below, an iron ion content, i.e.. an iron component content, of 1 ppm or

20 below, a copper ion content, i.e.. a copper component content, of 1 ppm or below and a phosphorus ion
content, i.e.. a phosphorus component content, of 20 ppm or below.

Although the catalyst to be used in the above processes is not limited, it is recommended to use (a) a
catalyst selected from among basic nitrogenous compounds and/or (b) a catalyst selected from among
alkali metal compounds and alkaline earth metal compounds.

Furthermore, the present inventors have exiensively studied and have found a process for preparing a
polycarbonate which is substantially free from chloride ion and is excellent in heat stability, without using
toxic phosgene. The present invention has been accomplished on the basis of this finding.

Thus, the second embodiment of the present invention provides a process for the preparation of a
thermally stable polycarbonate by melt-polycondensing a dihydric phenol with a carboric diester which
comprises using a compound selected from the group consisting of borales or a compound selected from
the group consisting of electron-donative amines and salts thereof as a catalyst, and optionally an acidic
substance which can neutralize the catalyst, i.e., a basic catalyst.

In this process, a carboric diester containing specific impurities in reduced amounts is advantaqeously
used as a monomer.

In this process, a carbonic diester. an ester or a phenol compound may be added to the reaction
system as a terminal-blocking agent. The blocking agent is used in an amount of preferably 0.05 to 10 mole
%, still preferably 1 to 5 mole % based on the dihydric phenol.

Further scope and the applicability of the present invention will become apparent from the detailed
description given hereinafter. However, it should be understood that the detailed description and specific
examples, while indicating preferred embodiments of the invention, are given by way of illustration only
since various changes and modifications within the spirit and scope of the inveniion will become apparent to
those skilled in the art from this detailed description.

Detailed Description of the Invention

Representative examples of the carbonic diester to be used in the present invention include diphenyl
carbonate, d.tolyl carbonate, bis(chlorophenyl) carbonate, m-cresyl carbonate, dinaphthyl carbonate bis-
(b.phenyl) carbonate, diethyl carbonate, dimethyl carbonate, dibutyl carbonate and dicyclohexyl carbonate
among which diphenyl carbonate is particularly preferable.

In the present invention, one or more carbonic diester(s) is(are) used as a monomer(s).
Alternatively, a combination use of the carbonic diester with a dicarboxylic acid ester may conduct in the
present inveniion. Examples of the dicarboxylic acid ester include diphenyl terephthalate and diphenyl
isophthalate. In this case, the amount of the dicarboxylic acid ester is 50 mole % or below based on thesum of the carbonic diester and Ihe dicarboxylic acid ester, and a polyester carbonate is obtained by melt-
polycondensation. Namely, in ihe presenl inveniion, the lerm "carbonic diester" includes generally the
dicarboxylic acid ester, too. When two or more carbonic diester are used, a copolymer is obtained.

In the first embodiment of the present invention, a carbonic diester, which is substantially free from (A)
phenyl salicylate, o-phenoxybenzoic acid and phenyl o-phenoxybenzoate, (B) tin ion. (C) methyl phenyl
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carbonate or (D) phenyl salicylate and o-phenoxybenzoic acid, is used. These impuriti s effect the hue and
heat-resistance of the resulting polymer.

In the first embodiment of the present invention, a carbonic diester. which has a total water content of
0.3% by weight or below, a chlorine content, in which the chlorine may be obtained by hydrolysis, of 3 ppm

5 or below, a sodium ion content of 1 ppm or below, an iron ion content of 1 ppm or below, a copper ion
content of 1 ppm or below and a phosphorus ion content of 20 ppm or below, and which has at least one of
(A) a sum of phenyl salicylate, o-phenoxybenzoic acid and phenyl o-phenoxybenzoate contents of 50 ppm
or below, (B) a tin ion content of 5 ppm or below and (C) a methyl phenyl carbonate content of 50 ppm o»
below, is preferably used. Alternatively, a carbonic diester having a total water content of 0.3% by weight or

to below, a chlorine content, in which the chlorine may be obtained by hydrolysis, of 3 ppm or below, a
sodium ion content of 1 ppm or below, an iron ion content of 1 ppm or below, a copper ion content of 1

ppm or below, a phosphorus ion content of 20 ppm or below and (D) a sum of phenyl salicylate and o-
phenoxybenzoic acid contents of 50 ppm or below, is preferably used. When a carbonic diester not
satisfying these requirements other than the total water content is used, the resulting polycarbonate may be

75 significantly discolored and have poor properties, particularly in heat stability. When the carbonic diester
has a water content exceeding 0.3% by weight, the diester is hydrolyzed during the reaction to lose the
molar balance of monomers, so that no polymer having a high degree of polymerization is formed.

In the present invention, the chlorine which contributes the chlorine content includes free chlorine ions,
a chlorine present in the form of a salt, a chlorine which is present in the form of an organic chlorine

20 compound and can be isolated by hydrolysis of the organic chlorine compound, and the like. Therefore, a
chlorine present as a salt such as sodium chloride or potassium chloride and one obtained by hydrolysis'of
organic chlorine compound such as phenyl chloroformate also contribute the chlorine content of the present
invention.

The removal of the above impurities from the carbonic diester can be conducted by, e.g., (1) a process
25 of washing a carbonic diester with hot water or an aqueous weak-base solution, (2) a process of adding urea

to a carbonic diester and heat-melting the obtained mixture, or (3) a process of adding a salt of an alkali or
alkaline earth metal, for example, Na?C03 , NaHCOa, KH2 P04 or K2HPO4, to a carbonic diester and distilling
the obtained mixture in a vacuum.

The methods for measuring the impurities in the carbonic diester are described with respect to
30 Examples of the present invention hereinafter.

In the second embodiment of the present invention, although the carbonic diester to be used as a
monomer is not limited, those having impurities in a reduced amount, for example, those for the first

embodiment of the present invention, are preferably used. Alternatively, a carbonic diester having a chlorine
content, in which the chlorine may be obtained by hydrolysis, of 3 ppm or below, a sodium ion content of 1

35 ppm or below, an iron ion content of 1 ppm or below, a sum of phenyl salicylate, o-phenoxybenzoic acid
and phenyl o-phenoxybenzoate contents of 50 ppm or below and a methyl phenyl carbonate content of 10
ppm or below, or a carbonic diester having a chlorine content, in which the chlorine may be obtained by
hydrolysis, of 3 ppm or below, a sodium ion content of 1 ppm or below, an iron ion content of 1 ppm or
below and a sum of phenyl salicylate, o-phenoxybenzoic acid and phenyl o-phenoxybenzoate contents of

ao 50 ppm or below, is advantageously used.

Representative examples of the dihydric phenol to be used in the present invention include those
represented by the following general formulae (I) to (IV):

4b
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(I)

(II)

20

c—<(3~ oh uii)

26

30 (IV)

wherein R1.R2.R3.FU and R5 are each a hydrogen atom, a linear or branched alkyi group having 1 to
35 8 carbon atoms or a phenyl group; X is a halogen atom; n is 0 or an integer of 1 to 4 and m is an integer of

1 to 4.

Examples of the bisphenol, that is the dihydric phenol, represented by the formula (I) include 2 2-bis(4-
hydroxyphenyl)propane, 2,2-bis(4-hydroxyphenyl)butane, 2,2-bis(4-hydroxyphenyl)-4-methylpentane 2 2-
bis(4-hydroxyphenyl)octane, 4,4'-dihydroxy-2,2,2-triphenylethane and 2,2-bis(3.5-dibromo-4-hydroxyphenyl)-

40 propane. *

'

Examples of the bisphenol represented by the formula (II) include 2.2-bis(4-hydroxy-3-methylphenyl)-
propane. 2,2-bis(4-hydroxy-3-isopropylphenyl)propane, 2.2-bis(4-hydroxy-3-sec-butylphenyl)propane 2 2-
bis(3,5-dimethyl-4-hydroxyphenyl)propane and 2.2-bis(4-hydroxy-3-t-butyIphenyl)propane

.

Examples of the bisphenol represented by the formula (III) include 1 ,V-bis(4-hydroxyphenyl)-p-
45 dnsopropylbenzene and l,V-bis(4-hydroxyphenyl)-m-diisopropylben2ene.

The bisphenol represented by the formula (IV) includes 1 ,1-bis(4.hydroxyphenyl)cyclohexane.
Further, a polycarbonate copolymer can be prepared by using two or more dihydric phenols selected

from among those represented by the formulae (I) to (IV).

The necessary amount of the carbonic diester is equimolar with that of the dihydric phenol present in
so the reaction system. Generally, a carbonate compound must be reacted with a dihydric phenol at a molar

ratio of 1 : 1 in order to form a high-molecular-weight polycarbonate. When bisphenyl carbonate is used as
a carbonate compound, two mol of phenol is formed by the reaction of bisphenyl carbonate with the
dihydric phenol. The phenol is distilled away from the reaction system. In the present invention, the
carbonic diester is used in an amount of 1.01 to 1.5 mol. preferably 1.015 to 1.20 mol per mol of the

55 dihydric phenol for the purpose of improving the physical properties of the polycarbonate, particularly for
lowering the terminal hydroxyl content as much as possible to thereby get rid of adverse effect on the hue.

The terminal hydroxyl concentration of the polycarbonate obtained according to the present invention ism the range of preferably 3 to 70 mole %. still preferably 3 to 50 mole %. and particularly prelerably 3 to

5
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30 mole %. It is practically difficult to realize a terminal hydroxyl concentration of less than 3 mole % On
the country, when it exceeds 30 mole %, the resulting polymer is significantly discolored, and when it

exceeds 50 mole %, the heat stability of the polymer is also impaired. A polycarbonate having a terminal
hydroxyl concentration of 3 to 50 mole % can be used singly. A polycarbonate having a terminal hydroxyl

s concentration of above 50 to 70 mole % can be used in the form of a blend with another polymer.
To lower the teminal hydroxyl concentration of a resulting polymer, a carbonic diester, an ester or a

phenol compound may be added to the reaction system as a terminal-blocking agent. The blocking agent is
used in an amount of preferably 0.05 to 10 mole %. still preferably 1 to 5 mole % based on the dihydric
phenol. Thus, the carbonic diester is used as a monomer and as a blocking agent. Accordingly, the amount

io of the carbonic diester effects the teminal hydroxyl concentration of a resulting polymei.
In the first embodiment of the present invention, the melt polycondensation of a dihydric phenol with a

carbonic d.ester is conducted preferably in the presence of (a) a basic nitrogenous compound and/or (b) an
alkali metal compound and/or an alkaline earth metal compound, still preferably in the presence of a basic
nitrogenous compound and, optionally, an alkali metal compound or an alkaline earth metal compound as a

75 catalyst(s).

Representative examples of the basic nitrogenous compound usable in the present invention include
alkyl-, aryl- and alkylarylammonium hydroxides such as tetramethylammonium hydroxide (Me* NOH)
tetraethylammonium hydroxide (EU NOH), tetrabutylammonium hydroxide <Bu4 NOH) and trimethylbenzylam-
monium hydroxide (C6H5 -CH2 (Me)3 NOH); tertiary amines such as trimethylamine. triethylamine, dimethyl-

20 benzylam.ne and triphenylamine; secondary amines represented by the formula: FfeNH (wherein R is an
alkyl group such as a methyl or ethyl group or an aryl group such as a phenyl or tolyJ group); primary
amines represented by the formula: RNH2 (wherein R is as defined above); ammonia; and basic salts such
as tetramethylammonium borohydride (Me4 NBKU), tetrabutylammonium borohydride (BU4NBH4)

(Mu
3

NTph^°
niUm tetrapheny,borate (Bu

*
NBPh

* >
and tetramethylammonium tetraphenylborate

Other examples of the basic nitrogenous compound include 4-(4-methyl-l-piperidinyl)pyridine, N.N-
dimethyl-4-aminopyridine, 4-diethylaminopyridine, 4-pyrrolidinopyridine, 4-aminopyridine. 2-aminopyridine
2-hydroxypyridine, 2-methoxypyridine, 4-methoxypyridine, 4-hydroxypyridine, 2-dimethylaminoimidazole 2-
methoxyimidazole, 2-mercaptoimidazole. aminoquinoline. benzimidazole, imidazole, 2-methylimidazole ' 4-

30 methylimidazole, diazabicyclooctane (DABCO). 1 ,8-diazabicyclo[5.4.0]-7-undecene (DBU) and 4-(4-methyl-
pyrrolidinyl)pyridine.

Representative examples of the alkali metal compound include sodium hydroxide, potassium hydroxide
lithium hydroxide, sodium hydrogen-carbonate, potassium hydrogencarbonate, lithium hydrogencarbonate'
sodium carbonate, potassium carbonate, lithium carbonate, sodium acetate, potassium acetate, lithium

35 acetate, sodium stearate, potassium stearate, lithium stearate, sodium borate, lithium borate, potassium
borate, sodium borohydride, lithium borohydride, potassium borohydride, sodium boroplenylate. sodium
benzoate, potassium benzoate, lithium benzoate, disodium hydrogenphosphate, dipotassium hydrogen-
phosphate, dilithium hydrogenphosphate, disodium, dipotassium and dilithium salts of bisphenol A, and
sodium, potassium and lithium salts of phenol, among which lithium borate, potassium borate and

ao potassium acetate are preferable.

Representative examples of the alkaline earth metal compound include calcium hydroxide, barium
hydroxide, magnesium hydroxide, strontium hydroxide, calcium hydrogencarbonate, barium hydrogencar-
bonate, magnesium hydrogencarbonate. strontium hydrogen-carbonate, calcium carbonate, barium car-
bonate, magnesium carbonate, strontium carbonate, barium acetate, magnesium acetate, strontium acetate,

45 calcium stearate. barium stearate, magnesium stearate and strontium stearate.
The amount of the basic nitrogenous compound to be used as a catalyst must range from 10~6 to 10" 1

mol, preferably from 10~* to 10"2 mol. per mol of the dihydric phenol present in the reaction system. If the
amount is less than 10 6 mol, the catalytic activity is poor to result in slow polymerization, while if it

exceeds 10-' mol, the obtained polycarbonate is significantly contaminated with the catalyst to result in
50 poor properties.

The total amount of the alkali metal compound and the alkaline earth metal compound to be used as a
catalyst(s) must be within the range of 10~7 to 10~2 mol, preferably 10~* to 10"* mol. per mol of the
dihydric phenol present in the reaction system. When the amount is less than 10~ 7 mol. the catalytic
activity is too poor to obtain a polycarbonate having a desired degree of polymerization while when it

55 exceeds 10 2 mol, the resulting polycarbonate is significantly be contaminated with the co-catalyst to result
in poor properties.

In the second embodiment of the present invention, a compound selected from the group consisting of
borates, or a compound selected from the group consisting of electron-donative amines and salts thereof is

6
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used as a catalyst. In the second embodiment of the present invention, an acidic substance which can
neutralize the catalyst is also be used, advantageously.

Representative examples of the borate usable in the present invention as a transesterification catalyst
include sodium d.borate. sodium tetraborate, sodium pentaborate, sodium hexaborate, sodium octaborate

5 lithium metaborate. lithium tetraborate, lithium pentaborate. potassium metaborate. potassium tetraborate*
potassium pentaborate. potassium hexaborate. potassium octaborate, ammonium metaborate. ammonium
tetraborate, ammonium pentaborate. ammonium octaborate. ammonium borate, tetramethylammonium bo-
rate, aluminum potassium borate, cadmium borate, silver borate, copper borate, lead borate, nickel borate
magnesium borate and manganese borate, among which alkali metal salts of boric acid are preferable

70 These borates may be used each alone or a combination of two or more of them may be used When
two or more of them are used, they may be added simultaneously with the feeding of the monomers or
stepwise in the course of the reaction. When one borate is used, it may be fed into a reactor with the
feeding of the monomers or stepwise in the course of the reaction.

The total amount of one or more member(s) selected from the group consisting of borates to be used
75 as a catalyst is preferably 10~* to 10~' mol. still preferably 10"* to 10"* mol per mol of the dihydric phenol

present in the reaction system. When the amount is less than 1CT* mol. the catalytic activity is low to result
in too slow polymerization, while when it exceeds mol, the resulting polycarbonate is significantly
contaminated with the borate(s) to result in poor physical properties.

Examples of the electron-donative amine to be used in the present invention include 4-(4-methyM-
20 piper.dinyl)pyr.dine, N,N«dimethyl-4-aminopyridine. 4-diethylaminopyridine, 4-pyrrolidinopyridine 4-

am.nopyr.d.ne, 2-aminopyridine, 2-hydroxypyridine, 2-methoxypyridine, 4-methoxypyridine, 4-hydrox-
ypyndme. 2-dimethylaminoimidazole, 2-methoxyimidazole, 2-mercaptoimidazole, aminoquinoline, ben-
z.midazole, imidazole, 2-methylimidazole, 4-methylimidazole, diazabicyclooctane (DABCO), 1 ,8-

diazabicyclo[5.4.0]-7-undecene (DBU) and 4-(4-methylpyrrolidinyl)pyridine.
Further, representative examples of the acid which plays as a counter ion of the electrone-donative

amine, that is, which constitutes part of a salt of an electrone-donative amine, include carbonic acid, acetic
acid, formic acid, nitric acid, nitrous acid, oxalic acid, sulfuric acid, phosphric acid, fluoroboric acid and
hydrogenboric acid.

These electrone-donative amines and salts thereof may be used each alone or a combination of two or
more of them may be used. When two or more of them are used, they may be added simultaneously with
the feeding of the monomers or stepwise in the course of the reaction. When one compound is used, it may
be fed into a reactor with the feeding of the monomers or stepwise in the course of the reaction.

The total amount of one or more member(s) selected from the group consisting of electrone-donative
amines and salts thereof to be used as a catalyst is preferably 1(T 6 to 10" 1 mol, still preferably 10~4 to
10 2 mol per mol of the dihydric phenol present in the reaction system. When the amount is less than 10~6

mol, the catalytic activity is low to result in too slow polymerization, while when it exceeds 10~' mol. the
resulting polycarbonate is significantly contaminated with the electrone-donative amine and/or salt thereof to
result in poor physical properties.

The acidic substance usable for neutralizing the basic substance as a catalyst, i.e., the borate the
ao electrone-donative amine or the salt of the electrone-donative amine, in the present invention includes boric

acid and ammonium hydrogenphosphite, which may be used alone or as a mixture of them.
When a borate is used as a catalyst, the acidic substance contributing to the thermal stability of a

resulting polycarbonate is used preferably in a molar amount which is 1 to 500 times that of the catalyst
used, still prelerably in a molar amount which is 1 to 20 times that of the catalyst used. When the molar
amount is smaller than that of the catalyst, no effect of imparting thermal stability is attained, while when the
molar amount exceeds 500 times that of the catalyst used, the resulting polycarbonate has a low degree of
polymerization unfavorably.

When an electrone-donative amine and/or a salt thereof is (are) used as a catalyst(s), the acidic
substance contributing to the thermal stability of a resulting polycarbonate is used preferably in a molar
amount which is 0.01 to 500 times that of the catalyst used, still preferably in a molar amount which is 1 to
20 times or 0.01 to 0.5 time that of the catalyst used. When the molar amount is smaller than 0.01 time that
of the catalyst used, no effect of imparting thermal stability is attained, while when the molar amount
exceeds 500 times that of the catalyst used, the resulting polycarbonate has a low degree of polymerization
unfavorably.

The acidic substance may be added simultaneously with the feeding of the starting monomers (i.e.,
dihydric phenol and carbonic diester) and the transesterification catalyst, or may be added at an arbitrary
point of time at which the relative viscosity of the formed polymer (as determined by the use of a
methylene chloride solution having a polymer content of 0.5 g/dl at 20 -C) has reached about 1.1 or above.
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70

75

20

25

Alternatively, the acidic substance may be added to the reaction product. Le., a polycarbonate, after the
completion of the reaction to provide a polycarbonate composition.

In the processes according to the first and second embodiments of the present invention, the melt-
polycondensation can proceed at a temperature ranging from 100 to about 300 •C. The reaction tempera-
ture is prelerably from 130 to 280 When the reaction temperature is lower than 100-C. the reaction is

too slow, while when it exceeds 300 'C, a side reaction is liable to occur.
In the second embodiment of the present invention, a phosphorus compound and/or a hindered phenol

may be used to further improve the heat stability of the resulting polycarbonate.
Representative examples of the phosphorus compound usable in the present invention include triethyl

phosphite, triisopropyl phosphite, triisodecyl phosphite, tridodecyl phosphite, phenyl diisodecyl phosphite,
diphenyl isodecyl phosphite, triphenyl phosphite, tristolyl phosphite, phenyl bis(4-nonylphenyl) phosphite!
tris(4-octylphenyl) phosphite, tris(4-(1-phanylethyl)phenyl) phosphite, tris(2,4-di-t-butylphenyl) phosphite!
tetrakis(2,4-di-t-butylphenyl) 4,4'-biphenylenediphosphonite represented by the following formula:

t-Bu t-Bu

tBu

t-Bu

pentaerythritol di[<2,6-di-t-butyl-4-methylphenyl) phosphite] represented by the following formula:

^ t-Bu t-Bu

35

pentaerythritol di[(2,4-di-t-butylphenyl) phosphite] represented by the following tormula:

tetrakis(2,4-di-t-butylphenyl) 4 t4
t

-(2,2-diphenylpropane)phosphonite represented by the following formula*
46

50

and dialkylphenylphosphites represented by the following formula:

8
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Ph
I

RrO-P-0-R
7

wherein Ffe and R? each represent a linear or branched alkyl group having 1 to 20 carbon atoms; and
Ph represents a phenyl group.

w Further, a combination of two or more of the above phosphorus compounds may be used.
The phosphorus compound may be added simultaneously with the leeding of the starting monomers or

at an arbitrary point of time after the initiation or the reaction. Alternatively, the phosphorus compound may
be added to the reaction product after the completion of the reaction to provide a polycarbonate
composition.

75 The amount of the phosphorus compound to be used is preferably 10 to 1000 ppm based on the
dihydric phenol. The addition thereof in an amount of less than 10 ppm is ineffective in improving the heat
stability of the resulting polymer, while that in an amount exceeding 1000 ppm exerts an adverse effect on
the physical properties of the resulting polymer unfavorably.

Representative examples of the hindered phenol usable in the present invention include octadecyl 3-

20 (3,5-di-t-butyl-4-hydroxyphenyl)propionate
; N.N'-hexamethylenebisO.S-di-t-butyl^-hydroxyhydrocin-

namamrde), triethylene glycol bis[3-(3-t-butyl-5-methyl-4-hydroxyphenyl)propionate], 1 ,6-hexanediol bis[3-
<3,5<ii-t-butyM-hydroxyphenyl)propionate], pentaerythritol tetrakis[3-(3,5-di-t-butyl-4-hydroxyphenyl)-
propicnate], diethyl 3,5-di-t-butyi-4-hydroxybenzylphosphonate, and compounds represented by the follow-
ing formulae (A) to (C):

30

3b

40

45

50

56

9
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40 CH, CH:

(C)

50

Further, a combination of two or more of the above hindered phenols may be used.
The hindered phenol may be added simultaneously with the leeding of the starting monomers or at an

arbitrary point of time after the initiation or the reaction. Alternatively, the hindered phenol may be added to
the reaction product after the completion of the reaction to provide a polycarbonate composition. Further-
more, the hindered phenol and the phosphorus compound may be added simultaneously or at different
arbitrary points of time.

10
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The hindered phenol is preferably added in an amount of 10 to 2000 ppm based on the dihydric
phenol. The addition thereof in an amount of less than 10 ppm is ineffective in improving the heat stability
of the resulting polymer, while that in an amount exceeding 2000 ppm exerts an adverse _ fleet on the
physical properties of the resulting polymer unfavorably-

According to the present invention, a substantially chloride-ion-free, high-molecular-weight, colorless
and transparent polycarbonate can be prepared without using toxic phosgene by using a raw material little

containing specific impurities and, as a catalyst system, (a) a basic nitrogenous compound and/or (b) an
alkali metal compound and/or an alkaline earth metal compound.

Furtheremore, according to the present invention, a thermally stable polycarbonate or a thermally stable
to polycarbonate composition can be prepared without using toxic phosgene by using a borate or, an

electrone-donative amine and/or a salt thereof as a catalyst(s), and an acidic substance.

Examples

76 The present invention will now be described in more detail with reference to the following Examples
which should not be considered to limit the scope of the present invention.

Various values shown in the following Examples were determined as follows:

(1) Viscosity-average molecular weight (Mv)
20

The viscosity-average molecular weight (Mv) was determined by calculation based on the intrinsic
viscosity M of a methylene chloride solution of each polycarbonate as determined at 20 *C with an
Ubbellohde viscometer according to the following formula:

25 M s 1.11 x 10-* (Mv)08?

(2) Terminal hydroxyl concentration

The terminal hydroxyl concentration was determined by subjecting each polycarbonate to 13C-NMR
30 spectroscopy according to the gated decoupling measurement mode and calculating the area ratio of the

peak at 114.80 ppm to that at 129.50 ppm.

(3) Impurity contents

35 a) Method for determining phenyl salicylate, o-phenoxybenzoic acid, phenyl o-phenoxybenzoate or methyl
phenyl carbonate content

The content was determined by the use of a gas chromatograph (mfd. by Shimadzu Corporation, GC-
14A).

40

b) Method for determining chlorine content

(Comp.) Ex. 1-1 to Mi and IV-1 to jV-7 A sample (5 g) was dissolved in 10 ml of toluene, followed by the
addition of 10 ml of an eluent (an aqueous solution containing 2.8 mmol of NaHCOa and 2.25 mmol of
Na?C03 ) and 15 ml of highly deionized water in this order. The obtained mixture was shaken and then left
to stand. The upper toluene layer lormed was removed. The resulting aqueous layer was treated with C-18
SEPPAK to be freed from contaminant toluene. The aqueous layer thus treated was subjected to ion
chromatography (YOKOGAWA SAX-1) to determine the chlorine content.
(Comp.) Ex. [M to IM6 and lll-l to 111-28 The chlorine content was determined by the use of ion
chromatography (YOKOGAWA ELECTRIC WORKS IC 100). .

c) Method for determining sodium ion or iron ion content

The content was determined with an atomic absorption spectrometer (SAS-727 mfd. by Seiko Instru-
56 ments, Inc.).

11
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70

d) Method for determining copper ion or phosphorus ion content

The content was determined with an inductively coupled plasma (ICP) emission spectrometer (mfd byShimadzu Corporation. ICPS-1000III).
y

e) Method for determining tin ion content

A a J^f^°
ntem WaS de1ermined with an atomic absorption spectrometer (mfd. by Shimadzu CorporationAA-670 G) and a graphite furnaced analyzer (mfd. by Shimadzu Corporation, GFA-4A).

f) Method for determining water content

Indulu^
Wlth 3 traCe Wat6r measuring aPPara^s (mfd. by Mitsubishi Chemical

(4) Storage stability

a) Hue

The hue CYI) of each polycarbonate, polyester carbonate or polycarbonate composition was determined
on a color difference meter (mfd. by Nippon Denshoku. 300A) by the use of a sheet [50 x 50 x 2 mm <H-
W-D)] prepared by the hot pressing quenching process, belore and after storage at 160-C for 720 hours.

b) Number of cleavages

A sheet (50 mm x 50 mm) having a thickness of 0.5 mm was prepared with the polycarbonate
polyester carbonate or polycarbonate composition prepared in one of (Comparative) Examples 11-1 to 11-16
and 111-1 to III-28 by the hot pressing quenching process. The obtained sheet was stored at 160-C to
determine the viscosity-average molecular weight of the polycarbonate or polyester carbonate constituting
the sheet after 10. 20 and 30 days. The process for determining the viscosity-average molecular weight was
the same as that described in the item (1) Viscosity-average molecular weight (Mv). Further, the number of
cleavages of the polymer was calculated by the formula which will be described below.

number of cleavages = — - l

75

20

25

30

Mvc : initial viscosity-average molecular weight
40 Mv,: viscosity-average molecular weight after t days

Example 1-1

22.8 g (0.1 mol) of 2.2-bis(4-hydroxyphenyl)propane (BPA), 0.164 g (2 x 10~2 moi per mol of BPA) of
45 2-methylimidazole. 0.00082 g (1 x 10-* mol per mol of BPA) of sodium acetate and 21.96 g (0 1025 mol)

of diphenyl carbonate having impurity contents g.ven in Table 1 were fed into a reactor and stirred together
.n a nitrogen atmosphere at 180' C for one hour. The temperature of the resulting mixture was raised while
gradually evacuating the leaction system. Finally, the mixture was polycondensed at 270 -C in a vacuum of
0.1 Torr for one hour, with the removal of formed phenol by distillation. Thus, a colorless transparent

so polycarbonate was obtained. The viscosity-average molecular weight (Mv) thereof was 27 600 The glass
transition point thereof was 150'C and the terminal hydroxyl content thereof was 28 mole %. To show the
extent of discoloration thereof with storage, the initial hue and the hue after storage at 160* C for 720 hours
are given in Table 2.

" v

55 Example I-2

Another colorless transparent polycarbonate was prepared through polycondensation in the same
manner as that of fcxample M except that 0.00122 g (1 x 10- mol per mol of BPA) of 4-

12
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dimethylaminopyridine was used instead of the 2-methylimTdazole, 0.00098 g (1 x 10~* mol per mol ol
BPA) of potassium carbonate was used instead of the sodium acetate and other diphenyl carbonate having
impurity contents given in Table 1 was used. The viscosity-average molecular weight (Mv) thereof was
27,000. The glass transition point thereof was 150*C and the terminal hydroxyl content thereof was 25 mole
%. The initial hue and the hue after storage at 160 C for 720 hours are given in Table 2.

Example 1-3

11.4 g (50 mole % of the dihydric phenol to be used) of 2,2-bis(4-hydroxyphenyl)propane, 17.0 g (50
mole % of the dihydric phenol to be used) of 2,2-bis(4-hydroxy-3-t-butylphenyl)propane. 0.00122 g (1 x
10~4 mol per mol of bisphenol, i.e., the dihydric phenol) of 4-dimethylaminopyridine, 0.000066 g (1 x 10"5

mol per mol of bisphenol, i.e., the dihydric pheno) of lithium acetate and 21.96 g (0.1025 mol) of diphenyl
carbonate having impurity contents given in Table 1 were fed into a reactor and stirred together in a
nitrogen atmosphere for 2 hours. The resulting mixture was polycondensed in the same manner as that of
Example 1-1 to give a colorless transparent polycarbonate. The viscosity-average molecular weight (Mv)
thereof was 24,500 and the glass transition point thereof was 128 -C. The terminal hydroxyl content thereof
was 23 mole %. The initial hue and the hue after storage at 160' C for 720 hours are given in Table 2.

Example I-4

Another colorless transparent polycarbonate was prepared through polycondensation in the same
manner as that of Example 1-1 except that 0.00091 g (1 x 10"* mol per mol of BPA) of tetramethylam-
monium hydroxide was used instead of the 2-methylimidazole, 0.00098 g (1 x 1(T4 mol per mol of BPA) of
potassium acetate was used instead of the sodium acetate and other starting diphenyl carbonate having
impurity contents given in Table 1 was used, and that the contents in the reactor, that is, the raw materials,
were stirred together in a nitrogen atmosphere for 2 hours. The viscosity-average molecular weight (Mv)
thereof was 27.800 and the glass transition point thereof was 151 -C. Further, the terminal hydroxyl content
thereof was 21 mole %. The initial hue and the hue after storage at 160- C for 720 hours are given in Table

Example 1-5

22.8 g (0.1 mol) of 2,2-bis(4-hydroxyphenyl)propane (BPA), 0.0024 g (2 x 10~< mol per mol of BPA) of
4-dimethylaminopyridine and 21.96 g (0.1025 mol) of diphenyl carbonate having impurity contents given in
Table 1 were fed into a reactor and the resulting mixture was polycondensed in the same manner as that of
Example 1-1 to give a colorless transparent polycarbonate. The viscosity-average molecular weight (Mv)
thereof was 29,000 and the glass transition point thereof was 150-C. Further, the terminal hydroxyl content
thereof was 26 mole %. The initial hue and the hue after storage at 160-C for 720 hours are given in Table

Example I-6

22.8 g (0.1 mol) of 2.2-bis(4-hydroxyphenyl)propane (BPA), 0.00122 g (1 x 10~4 mol per mol of BPA)
of 4-dimethylammopyridine, 8.58 x 10~* g (1 x 10~6 mol per mol of BPA) of lithium borate and 21.96 g
(0.1025 mol) of diphenyl carbonate having impurity contents given in Table 1 were fed into a reactor and
the resulting mixture was polycondensed in the same manner as that of Example 1-1 to give a colorless
transparent polycarbonate. The viscosity-average molecular weight (Mv) thereof was 31,000 and the glass
transition point thereof was 155 • C. Further, the terminal hydroxyl content thereof was 24 mole %. The initial
hue and the hue after storage at 160*C for 720 hours are given in Table 2.

Comparative Example 1-7

22.8 g (0.1 mol) of 2,2-bis(4-hydroxyphenyl)propane (BPA), 0.0024 g (2 x 10~* mol per mol of BPA) ol
N.N-dimethylaminopyridine and 21.96 g (0.1025 mol) of diphenyl carbonate having impurity contents given
in Table 1 were fed into a reactor and the tesulting mixture was polycondensed in the same manner as that
of Example 1-1 to give a pale-red polycarbonate. The viscosity-average molecular weight (MV) thereof waj
26.500 and the glass transition point thereof was 148-C. Further, the terminal hydroxyl content thereof was
40 mole %. The initial hue and the hue after storage at 160 -C for 720 hours are given in Table 2.

13
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Comparative Example 1-8

22.8 g (0.1 mol) of 2,2-bis(4-hydroxyphenyl)propane (BPA). 0.0024 g (2 x 10"4 mol per mol of BPA) of
N,N-dimethylaminopyridine. 0.00098 g (1 x 10~4 mol per mol of BPA) of potassium acetate and 21.96 g
(0.1025 mol) of diphenyl carbonate having impurity contents given in Table 1 were fed into a reactor and
the resulting mixture was polycondensed in the same manner as that of Example 1-1 to give a pale-red
polycarbonate. The viscosity-average molecular weight (Mv) thereof was 19,500 and the glass transition
point thereof was 130*C. The terminal hydroxy I content thereof was 35 mole %. The initial hue and the hue
after storage at 160* C for 720 hours are given in Table 2.

Comparative Example I-9

22.8 g (0.1 mol) of 2,2-bis(4-hydroxyphenyl)propane (BPA), 0.0024 g (2 x 10"4 mol per mol of BPA) ol
N,N-dimethylaminopyridine, 0.00098 g (1 x 10~4 mol per mol of BPA) of potassium acetate and 21.96 g
(0.1025 g) of diphenyl carbonate having impurity contents given in Table 1 were fed into a reactor and the
resulting mixture was polycondensed in the same manner as that of Example 1-1 to give a yellow
polycarbonate. The viscosity-average molecular weight (Mv) thereof was 24,500 and the glass transition
point thereof was 145 *C. Further, the terminal hydroxyl content thereof was 28 mole %. The initial hue and
the hue after storage at 160* C for 720 hours are given in Table 2.

Comparative Example 1-10

22.8 g (0.1 mol) of 2.2-bis(4-hydroxyphenyl)propane (BPA), 0.0024 g (2 x 10~4 mol per mol of BPA) o1
N.N-dimethylaminopyridine, 0.00098 g (1 x 10~4 mol per mol of BPA) of potassium acetate and 21.96 g

25 (0.1025 mol) of diphenyl carbonate having impurity contents given in Table 1 were fed into a reactor and
the obtained mixture was polycondensed in the same manner as that of Example 1-1 to give a pale-red
polycarbonate. The viscosity-average molecular weight (Mv) thereof was 26,000 and the glass transition
point thereol was 145*C. Further, the terminal hydroxyl content thereol was 25 mole %. The initial hue and
the hue after storage at 160*C for 720 hours are given in Table 2.

Example 1-11

22.8 g (0.1 mol) of 2,2-bis(4-hydroxyphenyl)propane (BPA), 0.0024 g (2 x 10~4 mol per mol of BPA) of
N,N-dimethylaminopyridine and 21.96 g (0.1025 mol) of diphenyl carbonate having impurity contents given
in Table 1 were fed into a reactor and the resulting mixture was polycondensed in the same manner as that
of Example 1-1 to give a colorless transparent polycarbonate. The viscosity-average molecular weight (Mv)
thereol was 15,800 and the glass transition point thereof was 130-C. Further, the terminal hydroxyl content
thereof was 10 mole %. The initial hue and the hue after storage at 160'C for 720 hours are given in Table

14
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55 Example 11-1

4560 g (20 mol) of 2.2-bis<4-hydroxyphenyl)propane, 4391.5 g (20.5 mol) of diphenyl carbonate having
impurity contents given in Table 3, 38 mg (1 x 10~< mol) o1 sodium tetraborate and 30.9 mg (5 x 10~*
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mol) of bone acid were fed into a nickel-lined reactor of bath type. The contents in the reactor was molten
in a nitrogen atmosphere at 160-C and stirred together lor one hour. While evacuating the system
gradually, the temperature of the obtained mixture was raised to conduct polycondensation finally in a
vacuum of 1 Torr at 270 -C tor 4 hours with formed phenol being distilled off. The resulting mixture was

5 further reacted in a vertical twin-screw reactor of self-cleaning type for 50 minutes to give a colorless
transparent polycarbonate. The viscosity-average molecular weight (Mv) of the polycarbonate was 35,000.
Further, the terminal hydroxy! content thereof was 18 mole %. The numbers of cleavages after storage,
which indicate the degree of thermal degradation of the polycarbonate, are given in Table 3. Furthermore, to
show the extent of discoloration of the polycarbonate with storage, the initial hue and the hue after storage

70 at 160 • C for 720 hours are given in Table 3.

Example H-2

Another colorless transparent polycarbonate was prepared through polycondensation in the same
75 manner as that of Example 11-1 except that 30.5 mg (1 x 10- mol) of potassium octaborate was used

instead of the sodium tetraborate (38 mg, 1 x 10- mol) and other diphenyl carbonate having impurity
contents given in Table 3 was used. The viscosity-average molecular weight (Mv) of the obtained resin was
38,000. Further, the terminal hydroxyl content thereof was 21 mole %. The numbers of cleavages after
storage are given in Table 3. Furthermore, the initial hue and the hue after storage at 160'C for 720 hours

20 are given in Table 3.

Example 11-3

Another colorless transparent polycarbonate was prepared through polycondensation in the same
25 manner as that of Example 11-1 except that 19 mg (5 x 10~* mol) of sodium tetraborate and 15.3 mg (5 x

10 b mol) of potassium octaborate were used instead of the sodium tetraborate (38 mg, 1 x 10— mol) the
amount of boric acid used was 40 mg (6.5 x 10- mol) and other diphenyl carbonate having impurity
contents given in Table 3 was used. The viscosity-average molecular weight (Mv) of the obtained resin was
32,000. Further, the terminal hydroxyl content thereof was 16 mole %. The numbers of cleavages after

30 storage are given in Table 3. Furthermore, the initial hue and the hue after storage at 160* C for 720 hours
are given in Table 3.

Example II-4

3t Another colorless transparent polycarbonate was prepared through polycondensation in the same
manner as that of Example IM except that 50 mg (5 x 10- mol) of ammonium hydrogenphosphate was
used instead of the boric acid (30.9 mg, 5 x 10- mol) and other diphenyl carbonate having impurity
contents given in Table 3 was used. The viscosity-average molecular weight (Mv) of the obtained resin was
29,500. Further, the terminal hydroxyl content thereof was 23 mole %. The numbers of cleavages after

40 storage are given in Table 3. Furthermore, the initial hue and the hue after storage at 160* C for 720 hours
are given in Table 3.

Example II-5

4t 3648 g (16 mol) of 2.2-bis(4-hydroxyphenyl)propane. 1272 g (4 mol) of diphenyl isophthalate, 4391.5 g
(20.5 mol) of diphenyl carbonate having impurity contents given in Table 3, 38 mg (1 x 10— mol) of
sodium tetraborate and 30.9 mg (5 x 10- mol) of boric acid were fed into the same reactor as that used in
Example 11-1. The contents in the reactor was molten in a nitrogen atmosphere at 180*C and stirred
together for one hour. Thereafter, the molten mixture was treated in the same manner as that of Example II-

50 1 to conduct polycondensation, thus giving a polyester carbonate copolymer. The viscosity-average
molecular weight (Mv) of the obtained resin was 29,200. Further, the terminal hydroxyl content thereof was
18 mole %. The numbers of cleavages after storage are given in Table 3. Furthermore, the initial hue and
the hue after storage at 160 "C for 720 hours are given in Table 3.

55 Example 11-6

Another colorless transparent polycarbonate was prepared in the same manner as that of Example 11-1

except that other diphenyl carbonate having impurity contents given in Table 3 was used and 100 ppm of

17
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25

35

tr.s(2,4-d.-t-butylphenyl)phosphite as a phosphorus compound "was further added in addition to the raw
materials used in Example 11-1. 200 ppm of octadecyl 3-(3.5-di-t-butyl-4-hydroxyphenyi)propionate as a
h.ndered phenol was added to the polycarbonate obtained when the polycarbonate was still in a molten
state to prepare a polycarbnate composition. The polycarbnate composition was extruded with a gear pump
into a strand, which was cut. The viscosity-average molecular weight (Mv) of the polycarbonate was 26 700
Further, the term.nal hydroxyl content thereof was 16 mole %. The numbers of cleavages after storage are
given in Table 3. Furthermore, the initial hue and the hue after storage at 160- C for 720 hours are given in
Table 3. "

to Example 11-7

Another colorless transparent polycarbonate was prepared through polycondensation in the samemanner as that of Example 11-1 except that 17.2 mg (2 x 10- mol) of lithium metaborate was used instead
of the sodium tetraborate (38 mg. 1 * 10- mol). the amount of boric acid was 61.8 mg (1 x 10~3 mol) and

»s other diphenyl carbonate having impurity contents g.ven in Table 3 was used. The viscosity-average
molecular weight (Mv) of the obtained resin was 31.000. The terminal hydroxyl content thereof was 17 mole
/.. The numbers of cleavages after storage are g.ven in Table 3. Furthermore, the initial hue and the hue
after storage at 160-C for 720 hours are given in Table 3.

20 Example II-8

Another colorless transparent polycarbonate was prepared through polycondensation in the samemanner as that of Example 11-1 except that 17.2 mg (2 x 10- mol) of lithium metaborate was used instead
of the sod.um tetraborate (38 mg. 1x10- mol), the amount of boric acid was 3.09 g (5 x 10"2 mol) and
other diphenyl carbonate having impurity conlents given in Table 3 was used. The viscosity-average
molecular weight (Mv) of the obtained resin was 28.500 and the terminal hydroxyl content thereof was 15
mole %. The numbers of cleavages after storage are given in Table 3. Furthermore, the initial hue and the
hue after storage at 160 • C for 720 hours are given in Table 3.

30 Example II-9

The same procedure as that of Example 11-1 was repeated except that diphenyl carbonate containing
the specific impurities in larger amounts was used instead of the diphenyl carbonale used in Example 11-1
and that no boric acid was used. A pale-yellow polycarbonate was obtained. The viscosity-averaqe
molecular weight (Mv) of the obtained resin was 29.500 and the terminal hydroxyl content thereof was 48
mole %. The numbers of cleavages after storage are given in Table 3. Furthermore, the initial hue and the
hue after storage at 160 • C for 720 hours are given in Table 3.

Example 11-10

The same procedure as that of Example ll-l was repeated except that diphenyl carbonate containing
the specific .mpunt.es in larger amounts was used instead of the diphenyl carbonate used in Example 11-1A pale-yellow polycarbonate was obtained. The viscosity-average molecular weight (Mv) of the obtained
resin was 28,600 and the lerminal hydroxyl content Ihereof was 38 mole %. The numbers of cleavages after

<s storage are g.ven in Table 3. Furthermore, the initial hue and the hue after storage at 160' C for 720 hours
are given in Table 3.

Comparative Example 11-11

so The same procedure as that of Example 11-1 was repeated except that 0.2 mg (5 x 10- mol) of sodium
hydrox.de was used instead of the sodium tetraborate and other diphenyl carbonate having impurity
contents g.ven in Table 3 was used. A pale-red polycarbonate was obtained. The viscosity-average
molecular weight (Mv) of the obtained resin was 30.500 and the terminal hydroxyl content thereof was 35
mole /„. The numbers of cleavages after storage are g.ven in Table 3. Furthermore, the initial hue and the

55 hue after storage at 160 • C for 720 hours are given in Table 3.
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55 Example 11-1?

Another colorless transparent polycarbonate was prepared through polycondensation in the same
manner as that of Example 11-1 except that"! 9 mg (5 x 10^ mol) of sodium tetraborate and 15.3 mg (5 >
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10"5 mol) ol potassium octaborate were used instead of the soSium tetraborate (38 mg, 1 x 10"* mol), the
amount of boric acid used was 40 mg (6.5 x 10~< mol) and other diphenyl carbonate having impurity
contents given in Table 4 was used. The viscosity-average molecular weight (Mv) of the obtained resin was
32,000. The numbers of cleavages after storage are given in Table 4. Furthermore, the initial hue and the

5 hue after storage at 160* C for 720 hours are given in Table 4.

Example 11-13

Another colorless transparent polycarbonate was prepared through polycondensation in the same
io manner as that of Example 11-1 except that 50 mg (5 x 10~4 mol) of ammonium hydrogenphosphate was

used instead of the boric acid (30.9 mg, 5 x 10~4 mol) and other diphenyl carbonate having impurity
contents given in Table 4 was used. The viscosity-average molecular weight (Mv) of the obtained resin was
29,500. The numbers of cleavages after storage are given in Table 4. Furthermore, the initial hue and the
hue after storage at 160* C for 720 hours are given in Table 4.

75

Example 11-14

3648 g (16 mol) of 2.2-bis(4-hydroxyphenyl)propane, 1272 g (4 mol) of diphenyl isophthalate, 4391.5 g
(20.5 mol) of diphenyl carbonate having impurity contents given in Table 4, 38 mg (1 x 10~4 mol) of

20 sodium tetraborate and 30.9 mg (5 x 10~4 mol) of boric acid were fed into the same reactor as that used in
Example IM. The contents in the reactor was molten in a nitrogen atmosphere at 180*C and stirred
together for one hour. Thereafter, the molten mixture was treated in the same manner as that of Example II-

1 to conduct polycondensation, thus giving a polyester carbonate copolymer. The viscosity-average
molecular weight (Mv) of the obtained resin was 29.200. The numbers of cleavages after storage are given

25 in Table 4. Furthermore, the initial hue and the hue after storage at 160 *C for 720 hours are given in Table

Example 11-15

30 Another colorless transparent polycarbonate was prepared in the same manner as that of Example 11-1

except that other diphenyl carbonate having impurity contents given in Table 4 was used and 100 ppm of
tris(2,4-di-t-butylphenyl)phosphite as a phosphorus compound was further added in addition to the raw
materials used in Example IM. 200 ppm of octadecyl 3-(3,5-di-t-butyl-4-hydroxyphenyI)propionate as a
hindered phenol was added to the polycarbonate obtained when the polycarbonate was still in a molten

35 state to prepare a polycarbonate composition. The polycarbonate composition was extruded with a gear
pump into a strand, which was cut. The viscosity-average molecular weight (Mv) of the polycarbonate was
26,700. The numbers of cleavages after storage are given in Table 4. Furthermore, the initial hue and the
hue after storage at 160 *C for 720 hours are given in Table 4.

40 Example 11-16

Another colorless transparent polycarbonate was prepared through polycondensation in the same
manner as that of Example IM except that 17.2 mg (2 x 10~4 mol) of lithium metaborate was used instead
of the sodium tetraborate (38 mg. 1 x 10'4 mol), the amount of boric acid was 61.8 mg (1 x 10~ 3 mol) and

45 other diphenyl carbonate having impurity contents given in Table 4 was used. The viscosity-average
molecular weight (Mv) of the obtained resin was 31 ,000. The numbers of cleavages after storage are given
in Table 4. Furthermore, the initial hue and the hue after storage at 160" C for 720 hours are given in Table

50
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Example 111-1

4560 g (20 mol) of 2,2-bis(4-hydroxyphenyl)propane. 4391.5 g (20.5 mol) of diphenyl carbonate having
impurity contents given in Table 5, 489 mg (1 x 10~3 mol) of N.N-dimethyl-4-aminopyridine and 1.2366 g
(2 x 10" 2 mol) of boric acid were fed into a nickel-lined reactor of bath type. The contents in the reactor
was molten in a nitrogen atmosphere at 160* C and stirred together tor one hour. While evacuating the
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system gradually, the temperature of the obtained mixture was raTsed to conduct polycondensation finally ina vacuum of 1 Torr at 270- C for 4 hours with formed phenol being distilled off. The resulting mixture was
"™ fea

, , k
Ver1 'Ca

l

,win'SCrew reactor of self-cleaning type for 50 minutes to give a colorless
transparent polycarbonate. The viscosity-average molecular weight (Mv) of the polycarbonate was 29 000Further the terminal hydroxyl content thereof was 18 mole %. The numbers of cleavages after storagewhich indicate the degree of thermal degradation of the polycarbonate, are given in Table 5. Furthermore to
S
.^l. £ f

Xte
,on

0
!
discolora,,on of ,he Polycarbonate with storage, the initial hue and the hue after storage

at 160 C for 720 hours are given in Table 5.

to Example 111-2

m«ni?£\ * « I
tran

,

spa
,

r

i

ent Po'ycarbonate was prepared through polycondensation in the samemanner as that of Example IIM except that 736 mg (4 * i 0"3 mol) of carbonate of N.N-dimethyl-4-
am.nopynd.ne was used instead of the N.N-dimethyl-4-aminopyridine (489 mg, 4 x 10"^ mol). the amount

yjT? J
m9 (1

*
10"2 m0,) 3nd °,her diphenyl Carbona,e havi"9 contents given inTab e 5 was used. The v.scosity-average molecular weight (Mv) of the obtained resin was 27.500. Further

the ermmal hydroxyl content thereof was 11 mole %. The numbers of cleavages after storage are given inTable 5. Furthermore, the initial hue and the hue after storage at 160'C for 720 hours are given in Table 5

20 Example 111-3

25

30

Another colorless transparent polycarbonate was prepared through polycondensation in the same

™ n™ a
,V i°n-3

Xam
.v

<"
M 6XCePt that 245 mQ (2 x 10"3 mol) 01 N.N-dimethyl-4-aminopyridine and

368 mg (2 x 10 3 mol) of carbonate of N.N-dimethyl-4-aminopyridine were used instead of the N N-
d.methyl-4-aminopyridine (489 mg. 4 x 10"3 mol). the amount of boric acid used was 250 mg (4 x 10"3
mol) and other d.phenyl carbonate having impurity contents given in Table 5 was used. The viscositv-
average molecular weight (Mv) of the obtained resin was 28.400. Further, the terminal hydroxyl content
thereof was 16 mole %. The numbers of cleavages after storage are given in Table 5. Furthermore, the
initial hue and the hue atler storage at 160 * C for 720 hours are given in Table 5.

Example IIM

35

Another colorless transparent polycarbonate was prepared through polycondensation in the samemanner as that of Example 111-1 except that 1.98 g (2 x 10"^ mol) of ammonium hydrogenphosphate wasused instead of the boric acid (1.2366 g. 2 x 10"* mol) and other diphenyl carbonate having impurity

ITnnn r?T I
6 WaS The vis«>sity-average molecular weight (Mv) of the obtained resin was

26.000. Further, the terminal hydroxyl content thereof was 23 mole %. The numbers of cleavages after
storage are given in Table 5. Furthermore, the initial hue and the hue after storage at 160* C for 720 hours
are given in Table 5.

to

45

50

51;

Example II 1-5

2280 g (10 mol) of 2,2-bis(4-hydroxyphenyl)propane. 3400 g (10 mol) of 2.2-bis(4-hydroxy-3-t-butvl-
phenyQpropane. 4349 g (20.3 mol) of diphenyl carbonate having impurity contents given in Table 5. 489 mg
(4 x 10 > mol) of N.N-d.methyl-4-aminopyridine and 1.2366 g (2 x 10"^ mol) of boric acid were fed into thesame reactor as that used in Example 111-1. The contents in the reactor was treated in the same manner asmat of Example IIM io prepare a polyester carbonate copolymer (random proportion: about 50%) The
v.scos.ty-average molecular weight (Mv) of the obtained resin was 26.500. Further, the terminal hydroxyl
content thereof was 18 mole %. The numbers of cleavages after slorage are given in Table 5. Furthermore
the initial hue and the hue after storage at 1 60 • C for 720 hours are given in Table 5.

The random proportion of the polyester carbonale copolymer was determined by subjecting the
copolymer to ,3C-NMR spectroscopy according to the chemical shift of carbon in the carbonate bond.

Example 111-6

/one
648

!,

9 (16 m0l) °f 2 -2 -bis(4-nyaro*yPnenyl)propane. 1272 g (4 mol) of diphenyl isophthalate. 4391 5 gmol) of diphenyl carbonale having impurity conlents given in Table 5, 489 mg (4 x IO-* mol) of N N-
d.methyl-4-aminopyridine and 1.2366 g (2 x 10"< mol) of boric acid were fed into the same reactor as that

22
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used in Example MM. The contents in the reactor was molten in a nitrogen atmosphere at 180*C and
stirred together lor one hour. Thereafter, the molten mixture was treated in the same manner as that of
Example 111-1 to conduct polycondensation, thus giving a polyester carbonate copolymer. The viscosity-
average molecular weight (Mv) of the obtained resin was 29.200. Further, the terminal hydroxyl content

5 thereof was 16 mole %. The numbers of cleavages after storage are given in Table 5. Furthermore, the
initial hue and the hue after storage at 160* C for 720 hours are given in Table 5.

Example III-7

ic Another colorless transparent polycarbonate was prepared in the same manner as that of Example lll-l

except that other diphenyl carbonate having impurity contents given in Table 5 was used and 100 ppm of
tris(2,4-di-t-butylphenyl)phosphite as a phosphorus compound was further added in addition to the raw
materials used in Example 111-1. 200 ppm of octadecyl 3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate as a
hindered phenol was added to the polycarbonate obtained when the polycarbonate was still in a molten

75 state to prepare a polycarbonate composition. The polycarbonate composition was extruded with a gear
pump into a strand, which was cut. The viscosity-average molecular weight (Mv) of the polycarbonate was
26,700. Further, the terminal hydroxyl content thereof was 17 mole %. The numbers of cleavages after
storage are given in Table 5. Furthermore, the initial hue and the hue after storage at 160 *C for 720 hours
are given in Table 5.

20

Example III-8

4560 g (20 mol) of 2,2-bis(4-hydroxyphenyI)propane, 4391.5 g (20.5 mol) of diphenyl carbonate having
impurity^contents given in Table 5, 489 mg (4 x 10~ 3 mol) of N^-dimethyl^-aminopyridine and 24.732 g

25 (4 x 10 1 mol) of boric acid were fed into the same reactor as that used in Example 111-1. The contents in
the reactor was molten in a nitrogen atmosphere at 200 'C and stirred together for one hour. While
evacuating the system gradually, the temperature of the obtained mixture was raised to conduct polycon-
densation finally in a vacuum of 1 Torr at 270 *C for 4 hours with formed phenol being distilled off. The
resulting mixture was further reacted in a vertical twin-screw reactor of self-cleaning type for 80 minutes to

30 give a colorless transparent polycarbonate. The viscosity-average molecular weight (Mv) of the obtained
resin was 23,000. Further, the terminal hydroxyl conlent thereof was 28 mole %. The numbers of cleavages
after storage are given in Table 5. Furthermore, the initial hue and the hue after storage at 160'C for 720
hours are given in Table 5.

35 Example IH-9

The same procedure as that of Example lll-l was repeated except that diphenyl carbonate containing
the specific impurities in larger amounts was used instead of the diphenyl carbonate used in Example 111-1

and that no boric acid was used. A pale-yellow polycarbonate was obtained. The viscosity-average
40 molecular weight (Mv) of the obtained resin was 29,500 and the terminal hydroxyl content thereof was 48

mole %. The numbers of cleavages after storage are given in Table 5. Furthermore, the initial hue and the
hue after storage at 160 • C for 720 hours are given in Table 5.

Example 111-10

41

The same procedure as that of Example 111-1 was repeated except that diphenyl carbonate containing
the specific impurities in larger amounts was used instead of the diphenyl carbonate used in Example lll-l.

A pale-yellow polycarbonate was obtained. The viscosity-average molecular weight (Mv) of the obtained
resin was 28,600 and the terminal hydroxyl content thereof was 38 mole %. The numbers of cleavages after

so storage are given in Table 5. Furthermore, the initial hue and the hue after storage at 160* C for 720 hours
are given in Table 5.

Example 111-11

The same procedure as that of Example lll-l was repeated except that diphenyl carbonate containing
the specific impurities in larger amounts was used instead of the diphenyl carbonate used in Example 111-1

and that the amount of the boric acid was 136 g (2.2 mol). A pale-yellow polycarbonate was obtained. The
viscosity-average molecular weight (Mv) of the obtained resin was 14,000 and the terminal hydroxyl content

23
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ther of was 35 mole %. The numbers of cleavages after storage are given -in Table 5. Furthermore, the
initial hue and the hue after storage at 160' C for 720 hours are given in Table 5.

Comparative Example 111-12

The same procedure as that of Example IIM was repeated except that 0.2 mg (5 x 10~6 mol) of
sodium hydroxide was used instead of the N.N-dimethyM-aminopyridine and other diphenyl carbonate
having impurity contents given in Table 5 was used. A pale-red polycarbonate was obtained. The viscosity-
average molecular weight (Mv) of the obtained resin was 30.500 and the terminal hydroxyl content thereof
was 45 mole %. The numbers of cleavages after storage are given in Table 5. Furthermore, the initial hue
and the hue after storage at 160* C for 720 hours are given in Table 5.

24
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55 Example 111-13

Another colorless transparent polycarbonate was prepared through polycondensation in the samemanner as that of bxample lll-l except Mat 245 mg (2 * 10~3 mol) of N.N-dimethyl-4-aminopyridine and

25
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368 mg (2 x 10~3 mol) of carbonate of N.N-dimethyl-4-aminopyridine were used instead of the N N-
dimethyl-4-aminopyridine (489 mg, 4 x 10"3 mol), the amount of boric acid used was 250 mg (4 x 10""
mol) and other diphnyl carbonate having impurity contents given in Table 6 was used. The viscosity-
average molecular weight (Mv) of the obtained resin was 28,400. The numbers of cleavages after storage
are given in Table 6. Furthermore, the initial hue and the hue after storage at 160- C for 720 hours are Given
in Table 6.

~ y

Example III-14

Another colorless transparent polycarbonate was prepared through polycondensation in the same
manner as that of Example 111-1 except that 1.98 g (2 x 10"* mol) of ammonium hydrogenphosphate was
used instead of the boric acid (1.2366 g, 2 x 10~< mo!) and other diphenyl carbonate having impurity
contents given in Table 6 was used. The viscosity-average molecular weight (Mv) of the obtained resin was
26,000. The numbers of cleavages after storage are given in Table 6. Furthermore, the initial hue and the
hue after storage at 160* C for 720 hours are given in Table 6.

Example 111-15

2280 g (10 mol) of 2,2-bis(4-hydroxyphenyl)propane, 3400 g (10 mol) of 2.2-bis(4-hydroxy-3-t-butyl-
phenyl)propane, 4349 g (20.3 mol) of diphenyl carbonate having impurity contents given in Table 6, 489 mg
(4 x 10 3 mol) of N,N-dimethyl-4-aminopyridine and 1.2366 g (2 x 10~2 mol) of boric acid were fed into the
same reactor as that used in Example 111-1. The contents in the reactor was treated in the same manner as
that of Example 111-1 to prepare a polyester carbonate copolymer (random proportion: about 50%). The
viscosity-average molecular weight (Mv) of the obtained resin was 26,500. The numbers of cleavages after
storage are given in Table 6. Furthermore, the initial hue and the hue after storage at 160* C for 720 hours
are given in Table 6.

The random proportion of the polyester carbonate copolymer was determined by subjecting the
copolymer to 13C-NMR spectroscopy according to the chemical shift of carbon in the carbonate bond.

Example 111-16

3648 g (16 mol) of 2,2-bis(4-hydroxyphenyl)propane, 1272 g (4 mol) of diphenyl isophthalate, 4391.5 g
(20.5 mol) of diphenyl carbonate having impurity contents given in Table 6, 489 mg (4 x 10~3 mol) of N N-
dimethyl-4-aminopyridine and 1.2366 g (2 x 10~ Z mol) of boric acid were fed into the same reactor as that
used in Example IIM. The contents in the reactor was molten in a nitrogen atmosphere at 180*C and
stirred together lor one hour. Thereafter, the molten mixture was treated in the same manner as that of
Example 111-1 to conduct polycondensation, thus giving a polyester carbonate copolymer. The viscosity-
average molecular weight (Mv) of the obtained resin was 29,200. The numbers of cleavages after storage
are given in Table 6. Furthermore, the initial hue and the hue after storage at 160- C for 720 hours are given
in Table 6.

Example 111-17

The same procedure as that of Example lll-l was repeated except that the amount of the boric acid was
12.366 g (2 x 10~2 mol mol) and other diphenyl carbonate having impurity contents given in Table 6 war
used. A colorless transparent polycarbonate was obtained. The viscosity-average molecular weight (Mv) of
the obtained resin was 18,500. The numbers of cleavages after storage are given in Table 6. Furthermore,
the initial hue and the hue after storage at 160 • C for 720 hours are given in Table 6.
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Example 111-18

4560 g (20 mol) of 2,2-bis(4-hydroxyphenyl)propane, 4391.5 g (20.5 mol) o1 diphenyl carbonate hav.no
impurity contents given in Table 7, 489 mg (1 x 10-3 mo,, Df N.N-d.methyl-4-aminopyridine and 70 mg
(1.13 mmol) of bone acid were fed into a nickel-lined reactor of bath type. The contents in the reactor wa*
molten »n a n.trogen atmosphere at 160 -C and stirred together for one hour. While evacuating the system
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7C

76

gradually, the temperature of the obtained mixture was raised "to conduct polycondensation finally in a
vacuum of 1 Torr at 270 *C lor 4 hours with formed phenol being distilled off. The resulting mixture was
further reacted in a vertical twin-screw reactor of self-cleaning type for 50 minutes to give a colorless
transparent polycarbonate. The viscosity-average molecular weight (Mv) of the polycarbonate was 29,000
The numbers of cleavages after storage, which indicate the degree of thermal degradation of the
polycarbonate, are given in Table 7. Furthermore, to show the extent of discoloration of the polycarbonate
with storage, the initial hue and the hue after storage at 160*C for 720 hours are given in Table 7

Example 111-19

Another colorless transparent polycarbonate was prepared through polycondensation in the same
manner as that of Example 111-18 except that 736 mg (4 x 10~3 mol) of carbonate of N,N-dimethyl-4-
ammopyridine was used instead of the N,N-dimethyl-4-aminopyridine (489 mg, 4 x 10"3 mol), the amount
of boric acid was 30 mg (0.49 mmol) and other diphenyl carbonate having impurity contents given in Table
7 was used. The viscosity-average molecular weight (Mv) of the obtained resin was 27,500. The numbers of
cleavages after storage are given in Table 7. Furthermore, the initial hue and the hue after storage at 160-

C

for 720 hours are given in Table7."
Example III-20

Another colorless transparent polycarbonate was prepared through polycondensation in the same
manner as that of^Example 111-18 except that 245 mg (2 x 10~3 mol) of N,N-dimethyl-4-aminopyridine and
368 mg (2 x 10 3 mol) of carbonate of N,N-dimethyl-4-aminopyridine were used instead of the N N-
dimethyl-4-aminopyridine (489 mg, 4 x 10"3 mol), the amount of boric acid used was 50 mg (0.81 mmol)
and other diphenyl carbonate having impurity contents given in Table 7 was used. The viscosity-average
molecular weight (Mv) of the obtained resin was 28,400. The numbers of cleavages after storage are given
in Table 7. Furthermore, the initial hue and the hue after storage at 160* C for 720 hours are given in Table

Example 111-21

Another colorless transparent polycarbonate was prepared through polycondensation in the same
manner as that of Example III-18 except that 112 mg (1.13 mmol) of ammonium hydrogenphosphate was
used instead of the boric acid (70 mg, 1.13 mmol) and other diphenyl carbonate having impurity contents
given in Table 7 was used. The viscosity-average molecular weight (Mv) of the obtained resin was 26,000.
The numbers of cleavages after storage are given in Table 7. Furthermore, the initial hue and the hue after
storage at 160 • C for 720 hours are given in Table 7.

Example III-22

2280 g (10 mol) of 2,2-bis(4-hydroxyphenyl)propane, 3400 g (10 mol) of 2,2-bis(4-hydroxy-3-t-butyl-
phenyl)propane, 4349 g (20.3 mol) of diphenyl carbonate having impurity contents given in Table 7. 489 mg
(4 x 10~3 mol) of N,N-dimethyl-4-aminopyridine and 70 mg (1.13 mmol) of boric acid were fed into the
same reactor as that used in Example 111-18. The contents in the reactor was treated in the same manner as
that of Example IH-18 to prepare a polyester carbonate copolymer (random proportion: about 50%). The
viscosity-average molecular weight (Mv) of the obtained resin was 26.500. The numbers of cleavages after
storage are given in Table 7. Furthermore, the initial hue and the hue after storage at 160' C for 720 hours
are given in Table 7.

The random proportion of the polyester carbonate copolymer was determined by subjecting the
copolymer to 13C-NMR spectroscopy according to the chemical shift of carbon in the carbonate bond.

Example III-23

3648 g (16 mol) of 2.2-bis(4-hydroxyphenyl)propane, 1272 g (4 mol) of diphenyl isophthalate, 4391.5 g
(20.5 mol) of diphenyl carbonate having impurity contents given in Table 7, 489 mg (4 x 10~3 mol) of N,N-
dimethyl-4-aminopyridine and 70 mg (1.13 mmol) of boric acid were led into the same reactor as that used
in Example 111-18. The contents in the reactor was molten in a nitrogen atmosphere at 180'C and stirred
together for one hour. Thereafter, the molten mixture was treated in the same manner as that of Example III-
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18 to conduct polycondensation. thus giving a polyester carbonate copolymer. The viscosity-average
molecular weight (Mv) of the obtained resin was 29,200. The numbers of cleavages after storage are givenm Table 7. Furthermore, the initial hu. and the hue after siorage at 160' C for 720 hours are given in Table

Example 111-24

Another colorless transparent polycarbonate was prepared in the same manner as that of Example 111-18
except that 100 ppm of tris(2,4-di-t-butylphenyl)phosphiie as a phosphorus compound was further added inw addit.on to the raw materials used in Example 111-18. 200 ppm of octadecyl 3-(3,5-di-t-butyl-4-hydrox-
yphenyl)propionate as a hindered phenol was added to the polycarbonate obtained when the polycarbonatewas st.ll in a molten state to prepare a polycarbonate composition. The polycarbonate composition was
extruded with a gear pump into a strand, which was cut. The viscosity-average molecular weight (Mv) of the
polycarbonate was 26.700. The numbers of cleavages after storage are given in Table 7. Furthermore the

75 initial hue and the hue after storage at 160 • C for 720 hours are given in Table 7.

Example III-25

The same procedure as that of Example 111-18 was repeated except that other diphenyl carbonate
20 having impurity contents given in Table 7 was used and no boric acid was used. A colorless transparent

polycarbonate was obtained. The viscosity-average molecular weight (Mv) of the obtained resin was 29 500The numbers of cleavages after storage are given in Table 7. Furthermore, the initial hue and the hue after
storage at 160 * C for 720 hours are given in Table 7.

25 Example III-26

The same procedure as 1hat of Example 111-18 was repeated except that diphenyl carbonate containing
the specific impurities in larger amounts was used instead of the diphenyl carbonate used in Example 111-18A pale-yellow polycarbonate was obtained. The viscosity-average molecular weight (Mv) of the obtained
resin was 28,600. The numbers of cleavages after storage are given in Table 7. Furthermore, the initial hue
and the hue after storage at 160' C for 720 hours are given in Table 7.

Example III-27

The same procedure as that of Example 111-18 was repeated except that other diphenyl carbonate
hav.ng impurity contents given in Table 7 was used and the amount of the boric acid was 70 mg (11 3
mmol). A colorless transparent polycarbonate was obtained. The viscosity-average molecular weight (Mv) of
the obtained resin was 18.500. The numbers of cleavages after siorage are given in Table 7. Furthermore
the initial hue and the hue afier storage at 160 • C for 720 hours are given in Table 7.

Comparative Example III-28

The same procedure as that of Example 111-18 was repeated except that 0.2 mg (5 x 10"" mol) of
sod.um hydroxide was used inslead of the N,N-d.methyl-4-aminopyridine and other diphenyl carbonate
having impurity contents given in Table 7 was used. A polycarbonate was obtained. The viscosity-average
molecular weight (Mv) of the obtained resin was 30.500. The numbers of cleavages after storage are givenm Table 7. Furthermore, the initial hue and the hue after storage at 160' C for 720 hours are given in Table
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Example IV-

1

22.8 g (0.1 mol) of 2,2-bis(4-hydroxyphenyl)propane (BPA), 0.164 g (2 x 10"* mol per mol of BPA) ol

2-methylimidazole. 0.00082 g (1 x 10~* mol per mol of BPA) ol sodium acetate and 21.96 g (0.1025 mol)
of diphenyl carbonate having impurity contents given in Table 8 were fed into a reactor and stirred togethet

30



EP 0 592 900 A2

in a nitrogen atmosphere at 180* C for one hour. The temperature of the resulting mixture was raised while
gradually evacuating the reaction system. Finally, the mixture was polycondensed at 270 -C in a vacuum of
0.1 lorr for one hour, with the removal of lormed phenol by distillation. Thus, a colorless transparent
polycarbonate was obtained. The viscosity-average molecular weight (Mv) thereol was 27,600. The glass

5 transition point thereof was 150 *C and the terminal hydroxyl content thereof was 28 mole %. To show the
extent of discoloration thereof with storage, the initial hue and the hue after storage at 160*C for 720 hours
are given in Table 9.

Example IV-?

10

75

Another colorless transparent polycarbonate was prepared through polycondensation in the same
manner as that of Example IV-1 except that 0.00122 g (1 x 10- mol per mol of BPA) of 4-
dimethylammopyridine was used instead of the 2-methylimidazole, 0.00098 g (1 x 10— mol per mol of
BPA) of potassium carbonate was used and other diphenyl carbonate having impurity contents given in
Table 8 was used. The viscosity-average molecular weight (Mv) thereof was 27,000. The glass transition
point thereof was 150-C and the terminal hydroxyl content thereof was 25 mole %. The initial hue and the
hue after storage at 160 * C for 720 hours are given in Table 9.

Example IV-3

11.4 g (50 mole % of the dihydric phenol to be used) of 2,2-bis(4-hydroxyphenyl)propane. 17.0 g (50
mole % of the dihydric phenol to be used) of 2,2-bis(4-hydroxy-3-t-butylphenyl)propane, 0.00122 g (1 x
10- mol per mol of bisphenol, i.e.. the dihydric phenol) of 4-dimethylaminopyridine, 0.000066 g (1 x 10~s

mol per mol of bisphenol, i.e., the dihydric pheno) of lithium acetate and 21.96 g (0.1025 mol) of diphenyl
carbonate having impurity contents given in Table 8 were fed into a reactor and stirred together in a
nitrogen atmosphere for 2 hours. The resulting mixture was polycondensed in the same manner as that of
Example IV-1 to give a colorless transparent polycarbonate. The viscosity-average molecular weight (Mv)
thereof was 24,500 and the glass transition point thereof was 128 -C. The terminal hydroxyl content thereof
was 23 mole %. The initial hue and the hue after storage at 160 ' C for 720 hours are given in Table 9.

Example IV-4

Another colorless transparent polycarbonate was prepared through polycondensation in the same
manner as that of Example IV-1 except that 0.00091 g (1 x 10- mol per mol of BPA) of tetramethylam-

35 monium hydroxide was used instead of the 2-methylimida20le, 0.00098 g (1 x 10— mol per mol of BPA) of
potassium acetate was used and other starting diphenyl carbonate having impurity contents given in Table
8 was used, and that the contents in the reactor, that is, the raw materials, were stirred together in a
nitrogen atmosphere for 2 hours. The viscosity-average molecular weight (Mv) thereof was 27,800 and the
glass transition point thereof was 151 -C. Further, the terminal hydroxyl content thereof was 21 mole %.

40 The initial hue and the hue after storage at 160° C lor 720 hours are given in Table 9.

Example IV-5

22.8 g (0.1 mol) of 2,2-bis(4-hydroxyphenyl)propane (BPA), 0.0024 g (2 x 10- mol per mol of BPA) of
45 4-dimethylaminopyridine and 21.96 g (0.1025 mol) of diphenyl carbonate having impurity contents given in

Table 8 were fed into a reactor and the resulting mixture was polycondensed in the same manner as that ol
Example IV-1 to give a colorless transparent polycarbonate. The viscosity-average molecular weight (Mv)
thereof was 29.000 and the glass transition point thereof was 150'C. Further, the terminal hydroxyl content
thereof was 26 mole %. The initial hue and the hue afler storage at 160-C for 720 hours are given in Table

Comparative Example IV-6

22.8 g (0.1 mol) of 2,2-bis(4-hydroxyphenyl)propane (BPA), 0.0024 g (2 x 10- mol per mol of BPA) of
N.N-dimethylaminopyridine. 0.00098 g (1 x 10- mol per mol of BPA) of potassium acetate and 21.96 g
(0.1025 mol) of diphenyl carbonate having impurity contents given in Table 8 were fed into a reactor and
the resulting mixture was polycondensed in the same manner as that of Example IV-1 to give a
polycarbonate. The viscosity-average molecular weight (Mv) thereof was 19.500 and the glass transition
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point thereol was 130 -C. The terminal hydroxyl content thereof was 35 mole %. The initial hue and the hue
after storage at 160* C for 720 hours are given in Table 9.

Comparative Example IV-7

5

22.8 g (0.1 mol) of 2,2-bis(4-hydroxyphenyl)propane (BPA), 0.0024 g (2 x 10"4 mol per mol of BPA) of
N,N-dimethylaminopyridine, 0.00098 g (1 x 10~4 mol per mol of BPA) of potassium acetate and 21.96 g
(0.1025 g) of diphenyl carbonate having impurity contents given in Table 8 were fed into a reactor and the
resulting mixture was polycondensed in the same manner as that of Example IV-1 to give a polycarbonate.

io The viscosity-average molecular weight (Mv) thereof was 24,500 and the glass transition point thereof was
145-C. Further, the terminal hydroxyl content thereof was 28 mole %. The initial hue and the hue aftet
storage at 160*C for 720 hours are given in Table 9.
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The present invention will now be described in more detail with relerence to the following embodiments
which should not be considered to limit the scope of the present invention.
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Claims

1. A process for the preparation ol a polycarbonate by melt-polycondensing a dihydric phenol with a
carbonic diester, which comprises using a carbonic diester which is substantially Iree trom phenyl
salicylate. o-phenoxyben2oic acid and phenyl o-phenoxybenzoate.

2. The process for the preparation of a polycarbonate as set forth in claim 1 . wherein the carbonic diester
has a total water content of 0.3% by weight or below, a chlorine content, in which the chlorine may be
obtained by hydrolysis, of 3 ppm or below, a sodium ion content of 1 ppm or below, an iron ion content
of 1 ppm or below, a copper ion content of 1 ppm or below, a phosphorus ion content of 20 ppm or
below and a sum of phenyl salicylate, o-phenoxybenzoic acid and phenyl o-phenoxybenzoate contents
of 50 ppm or below.

3. The process for the preparation of a polycarbonate as set forth in claim 1. wherein the carbonic diester
has a total water content of 0.3% by.weight or below, a chlorine content, in which the chlorine may be
obtained by hydrolysis, of 3 ppm or below, a sodium ion content of 1 ppm or below, an iron ion contenl
of 1 ppm or below, a copper ion content of 1 ppm or below, a phosphorus ion content of 20 ppm or
below, a sum of phenyl salicylate, o-phenoxybenzoic acid and phenyl o-phenoxybenzoate contents of
50 ppm or below, a tin ion content of 5 ppm or below and a methyl phenyl carbonate content of 50ppm or below.

4. The process for the preparation of a polycarbonate as set forth in claim 1, wherein the melt
polycondensation of a dihydric phenol with a carbonic diester is conducted in the presence of (a) a
basic nitrogenous compound and/or (b) an alkali metal compound and/or an alkaline earth metal
compound as a catalyst(s)

5. The process for the preparation of a polycarbonate as set forth in claim 4, wherein the amount of the
basic nitrogenous compound used is 10"' to 10"' mol per mol of the dihydric phenol, and the total
amount of the alkali metal compound and the alkaline earth metal compound used is 10"7 to 10"2 mol
per mol of the dihydric phenol.

6. The process for the preparation of a polycarbonate as set forth in claim 1 , wherein the carbonic diester
is used in an amount of 1 .01 to 1 .5 mol per mol of the dihydric phenol.

7. The process for the preparation of a polycarbonate as set forth in claim 1, wherein the termed
polycarbonate has a terminal hydroxyl concentration of 3 to 30 mole %.

8. The process for the preparation of a polycarbonate as set forth in claim 1, wherein the dihydric phenol
is a compound selected fiom the group consisting of compounds represented by the followinq General
formulae (I) to (IV):

y y

0592900A?_I :
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Ri

HO

Xn R * Xn

OH (I)

CHs

HO (ID

R4 R,

OH (III)

9.

(IV)

wherein Ri, R2i R3l FU and R5 are each a hydrogen atom, a linear or branched alky I group having
1 to 8 carbon atoms or a phenyl group; X is a halogen atom; n is 0 or an integer of 1 to 4 and m is an
integer of 1 to 4.

The process for the preparation of a polycarbonate as set forth in claim 1, wherein two or more dihydric
phenols and/or two or more carbonic diesters are used to prepare a copolymer.

10. A process for the preparation of a polycarbonate by melt-polycondensing a dihydric phenol with a
carbonic diester, which comprises using a carbonic diester which is substantially free from tin ion.

11. The process for the preparation of a polycarbonate as set forth in claim 1, wherein the carbonic diester
has a total water content of 0.3% by weight or below, a chlorine content, in which the chlorine may be
obtained by hydrolysis, of 3 ppm or below, a sodium ion content of 1 ppm or below, an iron ion content
of 1 ppm or below, a copper ion content of 1 ppm or below, a phosphorus ion content of 20 ppm or
below and a tin ion content of 5 ppm or below.

12. The process lor the preparation of a polycarbonate as set forth in claim 10. wherein the melt
polycondensation of a dihydric phenol with a carbonic diester is conducted in the presence of (a) a
basic nitrogenous compound and/or (b) an alkali metal compound and/or an alkaline earth metal
compound as a catalyst(s).

13. The process for the preparation of a polycarbonate as set forth in claim 12. wherein the amount of the
basic nitrogenous compound used is 10~b to 10~ ' mol per mol of the dihydric phenol, and the total
amount of the alkali metal compound and the alkaline earth metal compound used is 10~ ? to 10~2 mol
per mol of the dihydric phenol.
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14. The process for the preparation of a polycarbonate Is set forth in claim 10. wherein the carbonic
diester is used in an amount of 1 .01 to 1 .5 mol per mol of the dihydric phenol.

15. The process for the preparation of a polycarbonate as set forth in claim 10, wherein the formed
6 polycarbonate has a terminal hydroxyl concentration of 3 to 30 mole %

16. The process for the preparation of a polycarbonaie as set forth in claim 10, wherein the dihydric phenol
is a compound selected from the group consisting of compounds represented by the following general
Tormulae (I) to (IV):

70

75
Xn *« Xr:

20

25

CH:

CRo). CHs
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35
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wherein R,. R2 ,
R3 ,

R, and R5 are each a hydrogen atom, a linear or branched alkyl group having
1 lo 8 carbon aioms or a phenyl g.oup; X is a halogen atom; n is 0 or an integer of 1 to 4 and m is an
integer of 1 to 4.

17. The process for the preparation of a polycarbonate as set forth in claim 10, wherein two or more
dihydr.c phenols and/or two or more carbonic diesters are used to prepare a copolymer.

18. A process for the preparation of a polycarbonate by melt-polycondensing a dihydric phenol wilh a
carbon.c d.ester. which comprises using a carbonic diester which is subslanlially free from methyl
phenyl carbonate.

19. The process for ihe preparation of a polycarbonate as set forth in claim 18, wherein the carbonic
diester has a total water contenl of 0.3% by weight or below, a chlorine content, in which the chlorine
may be obtained by hydrolysis, of 3 ppm or below, a sodium ion content of 1 ppm or below an iron ion
conterrt of i ppm or below, a copper ,on content of 1 ppm or below, a phosphorus ion content of 20

37
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ppm or below and a methyl phenyl carbonate content of 50 ppm or below.

20. The process for the preparatton of a polycarbonate as set forth in claim 18. wherein the melt
polycondensation of a dihydric phenol with a carbonic diester is conducted in the presence of (a) e
basic nitrogenous compound and/or (b) an alkali metal compound and/or an alkaline earth metal
compound as a catalyst(s).

21. The process for the preparation of a polycarbonate as set forth in claim 20, wherein the amount of the
basic nitrogenous compound used is 10~6 to 10" 1 mol per mol of the dihydric phenol, and the total
amount of the alkali metal compound and the alkaline earth metal compound used is 10~7 to 10"' mol
per mol of the dihydric phenol.

22. The process for the preparation ol a polycarbonate as set forth in claim 18. wherein the carbonic
diester is used in an amount of 1.01 to 1.5 mol per mol of the dihydric phenol.

23. The process for the preparation of a polycarbonate as set forth in claim 18, wherein the formed
polycarbonate has a terminal hydroxyl concentration of 3 to 30 mole °/c.

24. The process for the preparation of a polycarbonate as set forth in claim 18, wherein the dihydric phenol
is a compound selected from the group consisting of compounds represented by the followinq General
formulae (I) to (IV):

R i

Ho^fTV-C^^OH (I)

Xn R ^ Xn

CR,).
CH

' (R,).

(II)

H0-i^-f-ik it-f-C yoH (in)

(IV)

wherein R1.R2.R3.R4 and Rf are each a hydrogen atom, a linear or branched alkyl group having
1 to 8 carbon atoms or a phenyl group; X is a halogen atom; n is 0 or an integer ol 1 to A and m is an
inleger of 1 to A.
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75

20

30.

31.

25. The process for the preparation of a polycarbonate a~s set forth in claim 18, wherein two or more
dihydnc phenols and/or two or more carbonic diesters are used to prepare a copolymer.

26. A process for the preparation of a thermally stable polycarbonate by melt-polycondensing a dihydnc
t phenol with a carbonic diester which comprises using a compound selected from the group consist.no

of borates as a catalyst.
y

27. The process for the preparation of a thermally stable polycarbonate as set forth in claim 26, wherein
the amount of the compound selected from the group consisting of borates as a catalyst is 10~* tow 10-' mol per mol of the dihydric phenol.

28. The process for the preparation of a thermally stable polycarbonate as set forth in claim 26. wherein an
acidic substance which can neutralize the catalyst is used.

29. The process for the preparation of a thermally stable polycarbonate as set forth in claim 28 wherein
the amount of the acidic substance is 1 to 500 times by mol that of the compound selected Irom the
group consisting of borates as a catalyst.

The process for the preparation of a thermally stable polycarbonate as set forth in claim 28. wherein
the amount of the acidic substance is 1 to 20 times by mol that of the compound selected from the
group consisting of borates as a catalyst.

The process for the preparation of a thermally stable polycarbonate as set forth in claim 28, wherein
the acidic substance is boric acid and/or ammonium hydrogenphosphite.

32. The process for the preparation of a thermally stable polycarbonate as set forth in claim 26 wherein
the carbonic diester has a total water content of 0.3% by weight or below, a chlorine content,' in which
the chlorine may be obtained by hydrolysis, of 3 ppm or below, a sodium ion content of 1 ppm oi
below, an iron ion content of 1 ppm or below, a copper ion content of 1 ppm or below, a phosphorus
•on content of 20 ppm or below, a sum of phenyl salicylate, o-phenoxybenzoic acid and phenyl o-
phenoxybenzoate contents of 50 ppm or below, a tin ion content of 5 ppm or below and a methyl
phenyl carbonate content of 50 ppm or below. \

33. The process for the preparation of a thermally stable polycarbonate as set forth in claim 26, wherein
the carbonic diester has a chlorine content, in which the chlor.ne may be obtained by hydrolysis of 3ppm or below, a sodium ion content of 1 ppm or below, an iron ion content of 1 ppm or below a sum
of phenyl salicylate, o-phenoxybenzoic acid and phenyl o-phenoxybenzoate contents of 50 ppm o.
below and a methyl phenyl carbonate content of 10 ppm or below.

34. The process for the preparation of a polycarbonate as set forth in claim 26. wherein the carbonic
d.ester is used in an amount of 1 .01 to 1 .5 mol per mol of the dihydnc phenol.

The process for the preparation of a polycarbonate as set forth in claim 26, wherein the formed
polycarbonate has a terminal hydroxy I concentration of 3 to 30 mole °/c.

The process for the preparation of a polycarbonate as set forth in claim 26, wherein the dihydric phenol
is a compound selected from the group consisting of compounds represented by the following general
lormulae (I) to (IV): * *

25
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R i

(I)

20

2i

30

(III)

(IV)

wherein Ri
.
R2l R3 ,

R« and R5 are each a hydrogen atom, a linear or branched alkyl group having
1 to 8 carbon atoms or a phenyl group; X is a halogen atom; n is 0 or an integer of 1 to 4 and m is an

36 integer of 1 to 4.

37. The process for the preparation of a polycarbonate as set forth in claim 26, wherein two or more
dihydric phenols and/or two or more carbonic diesters are used to prepare a copolymer.

40 38. The process for the preparation of a polycarbonate as set forth in claim 26, wherein a phosphorus
compound and/or a hindered phenol is (are) used.

39. A process for the preparation of a thermally stable polycarbonate composition, which comprises adding
an acidic substance which can neutralize a catalyst to the polycarbonate prepared the process

41 according to claim 26.

>. A process for the preparation of a thermally stable polycarbonate composition, which comprises adding
a phosphorus compound and/or a hindered phenol to the polycarbonate prepared the process
according to claim 26.

. A process for the preparation of a thermally stable polycarbonate by melt-polycondensing a dihydric
phenol with a carbonic diester, which comprises using a compound selected from the group consisting
of electron-donative amines and salts thereof as a catalyst.

. The process for the preparation of a thermally stable polycarbonate as set forth in claim 41, wherein
the amount of the compound selected from the group consisting of electrone-donative amines and salts
thereof as a catalyst is I0~b to lO""1 mol per mol of the dihydric phenol.
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43. The process for the preparation of a thermally stable polycarbonate as set forth in claim 41, wherein an
acidic substance which can neutralize the catalyst is used.

44. The process for the preparation of a thermally stable polycarbonate as set forth in claim 43, wherein
the amount of the acidic substance is 0.01 to 500 times by mol that of the compound selected from the
group consisting of electrone-donative amines and salts thereof as a catalyst.

45. The process for the preparation of a thermally stable polycarbonate as set forth in claim 44, wherein
the amount of the acidic substance is 0.01 to 0.5 times by mol that of the compound selected* from the
group consisting of electrone-donative amines and salts thereof as a catalyst.

46. The process for the preparation of a thermally stable polycarbonate as set forth in claim 44, wherein
the amount of the acidic substance is 1 to 20 times by mol that of the compound selected Irom the
group consisting of electrone-donative amines and salts thereof as a catalyst.

47. The process for the preparation of a thermally stable polycarbonate as set forth in claim 43, wherein
the acidic substance is boric acid and/or ammonium hydrogenphosphite.

48. The process for the preparation of a thermally stable polycarbonate as set forth in claim 41, wherein
the carbonic diester has a total water content of 0.3% by weight or below, a chlorine content, in which
the chlorine may be obtained by hydrolysis, of 3 ppm or below, a sodium ion content of 1 ppm or
below, an iron ion content of 1 ppm or below, a copper ion content of 1 ppm or below, a phosphorus
ion content of 20 ppm or below, a sum of phenyl salicylate, o-phenoxybenzoic acid and phenyl o-
phenoxybenzoate contents of 50 ppm or below, a tin ion content of 5 ppm or below and a methyl
phenyl carbonate content of 50 ppm or below.

49. The process for the preparation of a thermally stable polycarbonate as set forth in claim 41, wherein
the carbonic diester has a chlorine content, in which the chlorine may be obtained by hydrolysis, of 3
ppm or below, a sodium ion content of 1 ppm or below, an iron ion content of 1 ppm or below and a
sum of phenyl salicylate, o-phenoxybenzoic acid and phenyl o-phenoxybenzoate contents of 50 ppm or
below.

50. The process for the preparation of a polycarbonate as set forth in claim 41, wherein the carbonic
diester is used in an amount of 1.01 to 1.5 mol per mol of the dihydric phenol.

51. The process for the preparation of a polycarbonate as set forth in claim 41, wherein the formed
polycarbonate has a terminal hydroxyl concentration of 3 to 30 mole %.

52. The process for the preparation of a polycarbonate as set forth in claim 41, wherein the dihydric phenol
is a compound selected 1rom the group consisting of compounds represented by the followinq General
formulae (I) to (IV):
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Xn Xn
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CH,
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35
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wherein
,
R2 ,

R3 ,
R« and R5 are each a hydrogen atom, a linear or branched alkyl group having

1 to 8 carbon atoms or a phenyl group; X is a halogen atom; n is 0 or an integer of 1 to 4 and m is an
integer of 1 to 4.

53. The process for the preparation of a polycarbonate as set forth in claim 41, wherein two or more
dihydric phenols and/or two or more carbonic diesters are used to prepare a copolymer

54. The process for the preparation of a polycarbonate as set forth in claim 41, wherein a phosphorus
compound and/or a hindered phenol is (are) used.

55. A process for the preparation of a thermally stable polycarbonate composition, which comprises adding
an acidic substance which can neutralize a catalyst to the polycarbonate prepared the process
according to claim 41.

56. A process for the preparation of a thermally stable polycarbonate composition, which comprises adding
a phosphorus compound and/or a hindered phenol to the polycarbonate prepared the process
according to claim 41.

57. A process for the preparation of a polycarbonate by melt-polycondensing a dihydric phenol with a
carbonic diester, which comprises using a carbonic diester which is substantially free from phenyl
salicylate and o-phenoxybenzoic acid.

58. The process tor the preparation of a polycarbonate as set forth in claim 57, wherein the carbonic
diester has a total water content of 0.3% by weight or below, a chlorine content, in which the chlorine
may be obtained by hydrolysis, of 3 ppm or below, a sodium ion content of 1 ppm or below, an iron ion

4?
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content of 1 ppm or below, a copper ion content of 1 ~ppm or below, a phosphorus ion content of 20
ppm or below and a sum of phenyl salicylate and o-phenoxybenzoic acid contents of 50 ppm or below.

59. The process for the preparation of a polycarbonate as set forth in claim 57, wherein the melt
5 polycondensation of a dihydric phenol with a carbonic diester is conducted in the presence of (a) a

basic nitrogenous compound and/or (b) an alkali metal compound and/or an alkaline earth metal
compound as a catalyst(s).

60. The process for the preparation of a polycarbonate as set forth in claim 59, wherein the amount of the
70 basic nitrogenous compound used is 10-* to lO" 1 mol per mol of the dihydric phenol, and the total

amount of the alkali metal compound and the alkaline earth metal compound used is 10""7 to 10"2 mol
per mol of the dihydric phenol.

61. The process for the preparation of a polycarbonate as set forth in claim 57, wherein the carbonic
75 diester is used in an amount of 1 .01 to 1.5 mol per mol of the dihydric phenol.

62. The process for the preparation of a polycarbonate as set forth in claim 57. wherein the formed
polycarbonate has a terminal hydroxyl concentration of 3 to 30 mole %.

20 63. The process for the preparation of a polycarbonate as set forth in claim 57, wherein the dihydric phenol
is a compound selected Irom the group consisting of compounds represented by the following general
formulae (I) to (IV):

25 R i

30

35

40

45

50

55

wherein R 1f R2 , R3 , R4 and R5 are each a hydrogen atom, a linear or branched alkyl group having
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1 to 8 carbon atoms or a phenyl group; X is a halogen atom; n is 0 or an integer of 1 to 4 and m is an
integer of 1 to 4.

64. The process for the preparation of a polycarbonate as set forth in claim 57. wherein two or more
dihydric phenols and/or two or more carbonic diesters are used to prepare a copolymer.
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